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Processes of hadron-nucleus scattering hA at high energies,
leading to emission of relatively fast (cumulative) baryons
from nuclei into the backward hemisphere (B+) have been objects
of intensive experimental and theoretical investigation for ma-
ny years/1.2/. The attention to reactions of emission of "back-
ward baryons B +"' is attracted first of all by an opportunity
of obtaining essentially new information on the properties of
intranuclear nucleons, their associations into close groups/hi4/,
and the interaction of the primary or cascade hadron with clus-
ters of the d, a, ... type 58/ or with considerably closer
objects, such as quark bags/g"O/in nuclei.

To find a relative contribution of the above-mentioned mecha-
nisms to the process of cumulative baryon production, one usu-
ally studies multi-particle correlations within certain limited
regions of the phase space for secondary particles.

Our investigations in this field '/ allowed us in 1976 to re-
veal an opening angle correlation of two protons, angle between
them being close to 180" (one of the protons was emitted into
the back hemisphere in the lab.frame). Study of this effect
showed-'3' that- it can be partially due to absorption of slow
cascade pions by an associated pair of nuclear nucleons, i.e.,
due to the process = + (NN) » P+ + N.Then this point of view was
confirmed by other experiments?’12-16/,

Comparison of experimental data with the cascade-evaporation
model showed ® % that three mechanisms can make the main con-
tribution to the P + production:

(a) rescattering on intranuclear nucleons {including proces-—
ses of elastic and nonelastic rescattzring, charge—exchange,
pion production, etc.);

(b) descruction of the excited residual nucleus;

(c) absorption of slow #7-mesons by a correlaved pair of
intranuclear nucleons.

Full description of experimental data requires also allo-
wance for other possible mechanisms of cumulative proton pro-
duction, which, howeye{/ arouses certain methodical difficul-
ties (e.g., see Ref.’'7/).

Irrespective of the B ¢ production mechanisms, phenomenolo-
gical description of their energy distributions was given in
a series of papers published by ITEP group’2 !8.19/ The authors
point ~ut to scaling behaviour of the structure function p for
the B} production process with the energy (momentum) E(P) in

the inclusive reaction hA » B+ 4 .., with the cross section O
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In Ref./2 '8/ it is indicated that invariant function (1) is
parametrised fairly well in the form:

p= AO-exp(—sz). (2)

The parameter B does not depend on energy, sort of the inci-
dent particle h and type of the nucleus; Ap does not depend
on energy and hadron sort.

While checking the hypothesis of nuclear scaling it is of
importance, however, to find out if the invariant function is
parametrised by one exponent or a sum of exponents. Presence
of several exponents may mean that in various kinematic regions
there are various processes, leading to B ¢ production. In
a number of experiments there were attempts to describe the
invariant function p as a sum of two/20/or even three/16/ ex-
ponents. In Ref./ZGfthere are no conclusions on mechanisms of
cumulative proton production, while results of the work/16/ have
confirmed our earlier conclusions’®!'? on manifestation of
threc "backward" proton production mechanisms.

This paper deals with the study of the structure function
behaviour for protons, emitted into the backward hemisphere
in lab. frame in the reaction

no+ Clz*P++... (3)

at 5 GeV/c, aimed at discriminating contributions of various
mechanisms responsible for production of such protons.

Contributions of mechanisms (a), (b) and (c¢) to cumuiative
proton production were discriminated by means of the cascade-
evaporation model (CEM) with allowance for variations of the
number of nucleons in the nucleus due to their knocking-out in
the process of the intranuclear cascade. The evaporation stage
was calculated by the "desctruction' model, based on Fermi” sta-
tistical model. Unlike of Refs./5 12,13/ ye use the present mo-
dification of CEM in which the cross section for pion absorp-
tion of the nucleon pair is-reduced according to the data of
Ref./23/ From 95000 Monte-Carlo generated non-elastic #7°C in-
teractions about 50000 events with =14000 "backward" protons
were chosen with allowance for experimental criteria for selec-—
tion of 7 C events.

Invariant differential cross sections for '"backward" pro-
tons P4 produced due to the mechanism of mult‘ple rescattering
in_ CEM, were parametrized in the form p* = Aiexp(—Aép)with
x /n = 11 (the function A;-expC—A;p2) describes model data
with x2/n >2. In Fig.l there parameters are plotted against
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Fig.1. Dependence of the parameters a) A, and b) A, on
the proton emission angle. Light points — for mechanism
destruction of the residual nucleus; black points - for
mechanism of multiple rescattering.

the emission angle of protons (black points). From Fig.la one
can see that the yield of protons decreases with larger emis-
sion angles @, which seems natural, since the mechanism of mul-
tiple rescattering/22/provides a lower probability for produc-
tion of the proton with a given momentum when the emission angle
increases. Increase of the slope parameter (Fig.lb) with a lar-
ger 8 1s due to the fact that the maximum momentum of the emit-
ted proton decreases as the rescattering number increases.This
gives rise to the "softening" of the P, momentum spectrum and,
consequently, to increase of the slope parameter. Table | lists
results of approximation of parameters A; and ‘A3 by a function
a+b-cos

Table 1
Parameters a b X 2/n
Aj (Gev™2 cdsr7t) 20.1+0.5 5.8+0.6 - 1.3
A, Gev ™' o) 10.2+0.2 -4.240.5 1.1
2 — —

Invariant cross sections for protons, emitted due to the
destruction of the residual nucleus, were also approximated by
a function p® = Aq-exp(—ég-p)with x 2/n = 1.1, Dependence of
the parameters A’{ and A3 on the proton emission angle (light
points) is shown in Fig.l. As it is seen from Fig.la, the am-
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plitude of A/ decreases with larger angles according to the
rule a + b-cosf, which is explained by forward motion of the
excited residual nucleus while the slope parameter A, does
not depend on the proton emission angle (Fig.lb). Table 2 pre-~
sents values of the parameters A and A;’ for the nuclear de—
struction process.

Table 2
Parameters a b X Y
Ay (Gev 2P ) 91.2423.4 26.0%4.1 1.1
Ay Gev™' o) 20.8+0.7 0.3

Contribution of the (c) mechanism of slow 7 -meson absorp-
tion by the pair of correlated nucleons in the nucleus is of
special interest. At absorption of pions by a pair of intra-
nuclear nucleons the kinetic energy of two nucleons, one of
them flying into the backward hemisphere, is Ty + Ty m_+T .
The cross secction for absorptlon of the p051t1ve plon on the
deuteron /23:24/ has a wide maximum (+60 MeV) in the region
0.09 < T, < 0.15 GeV. Since the opening angle between the two
nucleons at absorption is larger than 90°, dependence of the
mean opening angle between the two nucleons ¢ on their kine-
tic energy Ty -+TN must have maximum in the energy region
0.23+0.29 GeV. Figure 2 shows this dependence ¢(T‘ ); points
stand for the experlment (pion-carbon interactions at 5 GeV/c)
In the energy region 0.19 < T2F< 0.26 GeV a characteristic ma
ximum is observed. The maximum becomes more distinct for pions
with the momentum over 0.3 GeV/c (Fig.3). A similar dependence
for interac:tions of gp—mesons with the mean nucleus A = 24
(mixture of propane-freon) at 5 GeV/c is shown in Fig.! where
one also observes a maximum caused by absorption of the 7 meson
by the pair (ap).

In Fig.5 the mean multiplicity of n* mesons is plotted
against the sum of proton kinetic energies. Light points are
plon-carbon interactions at 5 GeV/c; black points are interac-
tions of pions with the mean nucleus A= 24 at the same energy.
At the energy range in which the ¢ (Typ) distribution has a ma-
Ximum one can observe the n,+ minimum; that means that absorp-
tion of % mesons is effective in this very region. The data
in Fig.5 allows one to estimate the contributien of the reac-—
tion =* “d” 4 P4P to production of cumulative protons. This con-
tribution is o = (1.5+0.4) mb. Dependence of the #%* /7~ yield
ratio on the momentum of »* mesons (see Fig.6) is also in fa-
vour of »* absorption.
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Fig.2. Dependence of the mean
opening gngle between the two
protons ¥ with the momentum

0.2 <P < 0.6 GeV/c on their

130 1 sunm kinetic energies Top. Points
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carbon interactions at 5 GeV/e,
histogram ~ calculation by CEM).
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The investigation results /5:%/ ghow that the momentum spect-
rum of protons, produced due to the absorption mechanism, has
a bell-like shape which can be described by the Gaussian func-
tion with parameters €}, €2, ¢3 independent of the proton emis-
sion angle. The exponent form of this function, as accepted in
Ref./l6,cannot describe the full momentum spectrum of protons,
produced as a result of the slow pion absorption.

Approximation of the proton invariant function distribution
for the discriminated absorption mechanism in CEM yielded the
following results for ¢; : ¢, = (0.038+0.005) GeV-2 cisr -1 ;
cy = (0.389+0.003) GeV.c~! ; ¢; = (0.729+0.003) GeV~!c with
x2/n = 0.6.

Thus, the total contribution of mechanisms (a)-(c) to pro-
duction of protons, emitted into the backward hemisphere, can
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be written in the form

E dz'a

_5:':_ T god = (A1 Ag 00s0) - exp(—(Ay + A, c0s6)-p) “

+ (B +By. (:059)-exp(—133- p) +c -exp(-(p —(:2)2/2 . 023).
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In Figs.7-11 one can see experimental structure functions (1),
obtained by processing 15000 events of non-elastic interactions
of 7~ mesons with carbon nuclei. The interactions were detected
in the 1-M propane bubble chamber of the Laboratory of Nuclear
Problems, JINR. 4860 protons with the momentum 0.16 < P, <

< 0.75 GeV/c and emission angle @ > 90° in the lab. frame were
chosen for this analysis. In the same figure one can also see
the curves, calculated by formula (4) in various intervals of
the proton emission angle (the ordinates scale is logarithmic).
Points are the experiment, the dash—-and-dot line is the contri-~
bution of the mechanism (a), the dashed line is the contribution
of the mechanism (b), the dotted line is the contribution of the
mechanism (c), the solid line is the total contribution of three
mechanisns.

Fig.12 presents the same data, but they are integrated over
the proton emission angle in the interval (90%:180"). Compari-
son of calculations, made by formula (4) with the experiment
show the model describes quite well the experimental data. It
should be noted that the calculated and experimental data are
given in absolute units.

In our paper/25/and the paper/2|/it was pointed out that the
argular dependence of the slope parameter should be introduced
in parametrization of structure function (1), which, as it fol-
lows from what was said above, is due to the process of nucleon
rescattering inside the nucleuns (the first term in formula (4)).

Table &
Cross exp mod (a) (b} (c)

Momentum section o, (mb) o (mb) o (mb) o, (mb) o (mb)
(GeV/c) i Py i} i3 e
ﬂ,¢‘ 0.16 33.8:].6 33.5 21.05 9.6 2.82
PP$\ 0.21 23.5:1.6 25.3 15.9 6.59 2.79
Pp¢‘ 0.26 ]6.7:].7 17.6 11.62 3.22 2.72
PP$> 0.31 11.7+1.7 12.2 8.22 1.42 2.55
P..> 0.36 7.6+1.5 8.4 5.61  0.56 2.26

a) rescattering; b) destruction; c) absorption.

Tables 3 and 4 present cross sections for generation of cumu-
lative protons in various intervals of momenta and emission
angles. Cross sections 0(‘ﬂ a'bl 4 {e) calculated by formula
(4), are also given there. It is seen that at large emission
angles cosfly (-0.8; -1.0) and momenta Pp ? 0.36 GeV/c the con-
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tribution of the absorption mechanism amounts to 50Z. Good agree-
ment is also observed between the calculated and experimental

data.

Table 4
Angle Momen tum exp mod (a) {b) (c)
cosine (GeV/c) q%(mb) opgmb) aPSmb) ﬂ#(mb) opgmb)
(-1.0,-0.6) (0.21,0.74) 6.9+0.4 6.4 3.38 1.94 1.12
(-1.0,-0.6) (0.26,0.74) 4.7+0.4 4.3 2.3 0.95 1.09
(-1.0,-0.6) (0.31,0.74) 3.240.3 2.9 1.5 0.42 1.02
(-1.0,-0.6) (0.36,0.74) 2,2+0.1 2.0 0.93 0.16 0.9
(-1.0,-0.8) (0.21,0.74) 3.i%0.2 2.8 1.35 0.94 0.56
(-1.0,-0.8) (0.26,0.74) 2.2+0.1 1.9 0.9 0.46 0.54
(~1.0,-0.8) (0.31,0.74) 1.4+0.1 1.3 0.57 0.2 0.51
(;I.O,—O.B) (0.36,0.74) 0.8+0.1 0.9 0.35 0.08 0.45

a) rescattering; b) destruction; c) absorption.
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CONCLUSIONS

1. For the first time contributions of individual mechanisms
to production of cumulative protonz in pion-carbon interactions
at 5 GeV/c have been discriminated in the explicit form and
described, using analytic expressions. Calculated data describe
fairly well the experimental spectra.

2, The data, obtained at the mean nucleus A = 24 at 5 GeV/c,
confirm the results of Refs./'LJS/regarding the presence of the
mechanism of ¥ -meson absorption by a correlated pair of nuc-—
lear nucleons and its contribution to cumulative proton produc-

tion.

The authors are grateful to V.P.Dzhelepov, N.V,Maksimenko,
V.I.Komarov, B.Z.Kopeliovich for discussions and useful advice.
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